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A B S T R A C T

Diabetes insipidus (DI) is a disorder characterized by a high hypotonic urinary output of more than 50ml per
kg body weight per 24 hours, with associated polydipsia of more than 3 liters a day [1,2]. Central DI results
from inadequate secretion and usually deficient synthesis of Arginine vasopressin (AVP) in the hypothalamus
or pituitary gland. Besides central DI further underlying etiologies of DI can be due to other primary forms
(renal origin) or secondary forms of polyuria (resulting from primary polydipsia). All these forms belong to
the Polyuria Polydipsia Syndrom (PPS). In most cases central and nephrogenic DI are acquired, but there are
also congenital forms caused by genetic mutations of the AVP gene (central DI) [3] or by mutations in the
gene for the AVP V2R or the AQP2 water channel (nephrogenic DI) [4]. Primary polydipsia (PP) as secondary
form of polyuria includes an excessive intake of large amounts of fluid leading to polyuria in the presence of
intact AVP secretion and appropriate antidiuretic renal response.
Differentiation between the three mentioned entities is difficult [5], especially in patients with Primary poly-
dipsia or partial, mild forms of DI [1,6], but different tests for differential diagnosis, most recently based on
measurement of copeptin, and a thorough medical history mostly lead to the correct diagnosis. This is impor-
tant since treatment strategies vary and application of the wrong treatment can be dangerous [7]. Treatment
of central DI consists of fluid management and drug therapy with the synthetic AVP analogue Desmopressin
(DDAVP), that is used as nasal or oral preparation in most cases. Main side effect can be dilutional hyponatre-
mia [8].
In this review we will focus on central diabetes insipidus and describe the prevalence, the clinical manifesta-
tions, the etiology as well as the differential diagnosis and management of central diabetes insipidus in the
out- and inpatient setting.
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Abbreviations
ADNDI
 autosomal dominant neurohypophyseal Diabetes insipidus

AVP
 Arginine Vasopressin

DDAVP
 synthetic AVP

DI
 Diabetes insipidus

PBS
 pituitary bright spot

PP
 Primary Poldyipsia

PPS
 Polyuria Polydipsia Syndrom
1. Prevalence

With a prevalence of approximately 1:25,000 DI is a rare disease
[9]. Males and females are equally affected. DI can present at any age,
which markedly depends on the etiology [10,11]. The most common
form is central DI due to an acquired or genetic defect in the neurohy-
pophysis leading to a deficiency of AVP production and secretion
[12]. In this group the acquired forms are much more common than
the hereditary forms. Less than 10% of DI is congenital. In hereditary
central DI, the most frequent inheritance pattern is autosomal domi-
nant due to mutations in the AVP gene [13] and rarely autosomal
recessive in Wolfram syndrome 1 due to mutations in the WFS1 gene
[13]. In congenital nephrogenic DI the X-linked hereditary pattern
due to mutations in the AVPR2 gene accounts for 90% of cases and
occurs with a frequency of 4−8/1 million male live births [14]. For
the remaining cases of congenital nephrogenic DI, autosomal reces-
sive and dominant hereditary patterns due to mutations in the AQP2
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gene are responsible [9]. Primary polydipsia has most commonly
been observed in patients with schizophrenia spectrum disorder
with an incidence of 11 to 20% [15]. Frequently these patients experi-
ence episodes of hyponatremia during psychotic relapses and this
subgroup is often referred to as having PIP syndrome (psychosis
intermittent hyponatremia and polydipsia) [16]. Other persons with
Axis I psychiatric disorders also frequently exhibit Primary polydipsia
and are often referred to as having psychogenic polydipsia or com-
pulsive water drinking. Furthermore, primary polydipsia can be seen
in patients with anorexia nervosa [15]. It also is seen outside the psy-
chiatric setting due to the increasing popularity of lifestyle pro-
grammes and the common conception that consuming several litres
of fluid per day is healthy, has increased the prevalence of this phe-
nomenon in the general population and seems to have a female pre-
disposition [17].

2. Clinical manifestations of diabetes insipidus

The clinical manifestation of DI, i.e. excessive renal excretion of
large volumes of diluted urine is caused by a decrease in the secretion
or action of AVP, which is encoded by the AVP gene located on the
short arm of chromosome 20 (20p13) [18]. The main clinical symp-
toms of DI are polyuria and polydipsia resulting from the underlying
impairment of urinary concentrating mechanisms. They do not nec-
essarily differ in their specific manifestation between DI and Primary
polydipsia [19]. Patients with central DI more frequently complain
about nocturia and a sudden onset of symptoms, resulting from the
fact that urinary concentration can often be maintained quite well
until the residual neuronal capacity of the hypothalamus to synthe-
size AVP drops below the border of 10-15% of normal, after which
urine output increases dramatically. Under normal circumstances the
thirst mechanism in DI patients is intact, so that the patients are able
to maintain normal serum osmolality and volume status with no
other clinical symptoms besides polyuria and polydipsia [20]. But
especially those patients with DI with underlying osmoreceptor
defect syndromes can develop varying degrees of dehydration and
hyperosmolality, if renal water losses cannot be fully compensated
by fluid intake. Resulting symptoms can be divided into two groups.
Those symptoms produced by dehydration, which are mainly cardio-
vascular and include hypotension, acute tubular necrosis secondary
to renal hypoperfusion, and shock [21,22] and those caused by hyper-
osmolality, which are mostly neurologic and demonstrate the degree
of brain dehydration as a result of osmotic water shifts from the
intracellular compartment. The clinical manifestations can vary from
unspecific symptoms such as irritability and cognitive dysfunction to
more severe manifestations such as disorientation, reduced con-
sciousness, seizure, coma, focal neurologic deficits and cerebral
infarction [21,23]. Additionally, the incidence of subarachnoid hae-
morrhage and deep venous thrombosis are increased in patients with
hyperosmolality [20]. Another possible consequence of untreated
chronic polyuria in hereditary central DI (or nephrogenic DI) is the
dilation of the ureters and bladders. This predisposes to vesicoure-
teral reflux and ascending urinary tract infections, as well as second-
ary renal failure [24]. Similar to adults, polyuria and polydipsia are
the main clinical manifestations in children. Additionally, young
children may have severe dehydration, vomiting, constipation,
fever, irritability, sleep disturbance, failure to thrive and growth
retardation [9].

3. Etiology

DI can be divided into four main different groups of defects
(Table 1). Central diabetes is the most common type and is due to
insufficient AVP production and secretion from the posterior pitui-
tary in response to osmotic stimulation. In most cases this is caused
by destruction of the neurohypophysis by pressure or infiltration
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through a variety of acquired or congenital lesions. A second form of
DI is caused by reduced renal sensitivity to the antidiuretic effect of
physiological levels of AVP. This nephrogenic variant of the syndrome
can be caused by an acquired or genetic defect in renal mechanisms
for urine concentration [4,12]. A third etiology of the clinical syn-
drome is Primary polydipsia. It is caused by physiological suppression
of AVP secretion by excessive, osmotically-independent fluid intake.
It is referred to as Primary polydipsia to differentiate it from the other
types of DI, where secondary polydipsia occurs in response to water
loss. Besides to psychiatric patients and health enthusiasts presenting
with Primary polydipsia, there is a small subgroup of patients with
Primary polydipsia commonly referred to as having dipsogenic DI, in
which polydipsia appears to be due to an abnormally low thirst
threshold. The fourth type is the gestational DI, that is caused by an
increased degradation of AVP by the placenta enzyme vasopressinase
[25,26], leading to a similar presentation as can be seen in central DI.
In some cases, patients may have a predisposition to its occurrence
by pre-existing, subclinical deficiency in AVP [27,28].

4. Central diabetes insipidus

4.1. Acquired central diabetes insipidus

Central DI is caused by insufficiency of the posterior pituitary to
secrete AVP under conditions of hyperosmolality. In a majority of
cases this is caused by acquired anatomical lesions that destroy or
damage the neurohypophysis (Table 1). The degree of destruction of
the neurohypophysis is responsible for the severity of the resulting
hypotonic diuresis, causing either complete or partial insufficiency of
AVP secretion. Although there is a large variety of lesions that can
lead to central DI, it is still more common for patients not to have
central DI with these lesions. The background can be understood by
understanding several general principles of neurohypophyseal physi-
ology and pathophysiology [29] .

First, AVP is synthesized in the hypothalamus, the posterior pitui-
tary is only the site of storage and secretion of the neurosecretory
granules containing AVP. Consequently, lesions contained within the
sella turcica that destroy only the posterior pituitary commonly do
not lead to central DI because the cell bodies of the magnocellular
neurons that synthesize AVP are still intact. Large pituitary macroa-
denomas that completely destroy the anterior and posterior pituitary
are a good example for this. Such large pituitary adenomas cause the
destruction of the posterior pituitary by very slowly enlarging intra-
sellar lesions so that only the nerve terminals are destroyed, but not
the cell bodies of the AVP neurons. As a consequence of this process,
the site of release of AVP shifts more superiorly to the pituitary stalk
and median eminence. A pituitary adenoma that causes DI is so rare
that its presence should lead to consideration of other diagnoses,
such as craniopharyngioma, or more rapidly enlarging sellar or
suprasellar masses that do not allow sufficient time for shifting the
site of AVP release more superiorly (e.g., metastatic lesions, acute
hemorrhage) [29].

Second, the neurohypophyseal neurons ability to synthesize AVP
considerably exceeds daily needs for maintaining water homeostasis.
80% to 90% of the magnocellular AVP neurons in the hypothalamus
must be destroyed to produce polyuria and polydipsia in dogs follow-
ing surgical transection of the pituitary stalk [30]. This reveals that
even lesions that cause destruction of the AVP magnocellular neuron
cell bodies need to produce extensive destruction to lead to DI. In
necropsy studies of human patients following pituitary stalk section
could be observed that atrophy of the posterior pituitary and loss of
the magnocellular neurons in the hypothalamus occurred due to ret-
rograde degeneration of neurons whose axons were cut during sur-
gery [31]. The probability of retrograde neuronal degeneration is
dependent on the closeness of the axotomy to the cell body of the
neuron. This could be observed in humans, in whom transection of



Table 1
Etiology of polyuria polydipsia syndrome.

Type of hypotonic polyuria Basic defect Causes

Central DI Deficiency in AVP synthesis or secretion Acquired-
Trauma (surgery, deceleration injury)-
Neoplastic (craniopharyngeoma, meningioma, germinoma, metastases)-
Vascular (cerebral/ hypothalamic hemorrhage, infarction or ligation of anterior communicating
artery aneurysma)-
Granulomatous (histiocytosis, sarcoidosis)-
Infectious (meningitis, encephalitis, tuberculosis, toxoplasmosis, HIV infection)-
Inflammatory/autoimmune (lymphocytic infundibuloneurohypophysitis, IgG4 neurohypophysitis)-
Drug/toxin-induced-
Osmoreceptor dysfunction (adipsic DI)-
Others (hydrocephalus, ventricular/suprasellar cyst, trauma, degenerative disease)-
Idiopathic

Congenital-
Autosomal dominant: AVP gene mutation-
Autosomal recessive-
X-linked recessive-
Syndromic: Wolfram Syndrome (WFS1 gene mutation), central DI in context of malabsorptive
diarrhea (PCSK1 gene)

Primary Polydipsia Excessive osmotically unregulated fluid
intake

-Dipsogenic (downward resetting of the thirst threshold; idiopathic or similar lesions as with central
DI)-
Psychosis intermittent hyponatremia polydipsia (PIP syndrome)-
Compulsive water drinking-
Health enthusiasts

Nephrogenic DI Reduced renal sensitivity to antidiuretic
effect of physiological AVP levels

Acquired-
Drug exposure (lithium, demeclocyclin, cisplatin etc)-
Hypercalcemia, hypokalemia-
Infiltrating lesions (sarcoidosis, amyloidosis, multiple myeloma etc)-
Vascular disorders (sickle cell anemia)-
Mechanical (polycystic kidney disease, uretral obstruction)

Congenital-
X-linked AVPR2 gene mutations
autosomal recessive or dominant AQP2 gene mutations

Gestational DI Exaggerated enzymatic metabolism of cir-
culating AVP hormone

Increased AVP metabolism-
Pregnancy
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the pituitary stalk at the level of the diaphragm sellae (i.e., a “low
stalk transection”) caused only transient central DI, whereas section
at the level of the infundibulum (e.g., a “high stalk transection”) led
to permanent central DI in most cases [32].

Surgical or traumatic injury to the neurohypophysis can cause DI
which can present in 3 different patterns. The most common presen-
tation is temporary and has a sudden presentation in the first
24 hours after intrasellar surgery or trauma. It resolves within several
days. DI can also persist and become permanent, which is associated
with proximal lesions of the pituitary stalk or the hypothalamus. The
third pattern that can be observed, is a triphasic response that can
occur if there is complete pituitary stalk section. The first phase
occurs within the first 24 hours of surgery and is due to axon shock
and lack of function of the damaged neurons. This phase can last
from several hours to several days. The second phase is an antidiu-
retic phase that is due to unregulated release of AVP from the discon-
nected and degenerating axons of the posterior pituitary [33,34].
Overly aggressive administration of fluids during this second phase
does not suppress AVP secretion and can produce hyponatremia and
SIADH, because of the unregulated vasopressin release. The antidiu-
resis can last from 2 to 14 days. When the entire hormone content
has been released, DI recurs (third phase) [35]. The further course of
DI can be permanent or develop to partial DI or become clinically
inapparent [36].

The largest category of central DI is the idiopathic DI. In a pediatric
study 54% of all cases of central DI were classified as idiopathic [11].
There is no history of previous injuries or diseases that might contrib-
ute to their central DI. The pituitary MRI reveals no abnormalities
other than the absence of the posterior pituitary bright spot and occa-
sionally thickening of the pituitary stalk. Many of these patients may
have autoimmune destruction of the neurohypophysis as the most
3

likely cause of their central DI [37,38]. A more recently recognized
form of infundibuloneurohypophysitis is characterized by an abun-
dance of IgG4-producing cells [39]. Multiple organs, particularly the
pancreas, are infiltrated with IgG4 plasma cells, and neurohypophysi-
tis is only one manifestation of a multiorgan disease that may include
other endocrine glands.

Another rare cause for central DI are infections. Tuberculosis,
toxoplasmosis, meningococcal encephalitis and HIV infections can
cause central DI, sometimes via a pituitary abscess or for example in
case of tuberculosis as tuberculoma involving the sellar and suprasel-
lar region. These forms can completely resolve after treatment of the
causative infection [40,41].

One of the most severe forms of central DI is caused by the
destruction of the osmoreceptors that stimulate neurohypohyseal
secretion. There are many indications in the literature in animals
indicating that the primary osmoreceptors controlling AVP secretion
and thirst are located in the anterior hypothalamus. This region in
animals is called the AV3V area and lesions in this area cause hyperos-
molality through a combination of impaired thirst and impaired
osmotically stimulated AVP secretion [42,43]. Because of the severe
thirst deficits found in the majority of these patients, this form of DI
is called adipsic diabetes insipidus [44]. The underlying pathologies
responsible for this condition can be quite different. But all the cases
reported to date result from various degrees of osmoreceptor
destruction associated with a variety of different brain lesions. Many
of these lesions are the same types that can lead to central DI, but
compared to central DI these lesions usually occur more rostrally in
the hypothalamus, consistent with the anterior hypothalamic loca-
tion of the primary osmoreceptor cells. In classical cases of adipsic
hypernatremia structural abnormalities of the hypothalamic area are
easily seen with magnetic resonance imaging. In contrast adipsic
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hypernatremia without hypothalamic structural lesions but autoanti-
bodies to the subfornical organ is a new well described disease in
young patients. They presented with extensive hypernatremia with-
out any sensation of thirst and defects in vasopressin response to
serum hypertonicity. In all of the 4 described cases specific circulating
antibodies reactive to the mouse subfornical organ, and to Nax, a Na
channel, were present in the sera. Mice that had an injection with a
patient immunoglobulin fraction of the patient’s serum presented
with abnormalities in water, sodium, vasopressin release and diuresis
resulting in hypernatremia [45].

4.2. Hereditary central diabetes insipidus

In most cases, hereditary central DI is a monogenic disorder
caused by mutations in the AVP gene. 1991 the first mutation leading
to hereditary central DI was publicised [46]. Up to date above 70 var-
iants have been found, most of them being missense/nonsense
mutations [24]. The AVP gene encodes the prepro-vasopressin-neuro-
physin II, consisting of the 21-amino acid (aa) N-terminal signal pep-
tide (SP), nonapeptide AVP, its 90-amino acid (aa) carrier protein
neurophysin II (NPII), and the 39-aa C-terminal glycopeptide, also
termed copeptin [47]. Through different stimuli, mostly hyperosmo-
lality and hypovolemia, AVP, NPII and copeptin are co-secreted into
the circulation. All the published mutations have occurred in the
gene regions encoding the signal peptide, AVP, or neurophysin II.

With >90% of the cases, autosomal dominant neurohypophyseal
DI (ADNDI) is clearly the most common form of hereditary central DI.
Symptoms can develop gradually at different ages during childhood
and progress to polyuria that is usually severe [12,48,49]. The mutant
prohormone has folding deficiency and as a result is retained in the
ER, where it forms amyloid-like fibrillar aggregates [50]. Degradation
by proteasomes occurs, but with insufficient clearance capacity [51].
Post-mortem studies in affected individuals lead to the suggestion of
a neurodegenerative process confined to vasopressinergic neurons.
The fact that in ADNDI only one allele carries a pathogenic mutation
implicates a dominant-negative effect on the wild type counterpart,
which eventually leads to the typical symptoms [24]. There is no clear
genotype-phenotype correlation in this hereditary form of central DI,
beside the exception that some mutations that result in partial signal
cleavage in prepro-AVP-neurophysin II (NPII) tend to cause milder
symptoms and later onset [52,53], than mutations that occur in the
NPII moiety or those abolishing signal cleavage completely [51,54].
An interesting observation is that the clinical presentation may vary
considerably between families and even family members carrying
the identical mutation in the AVP gene [52,55,56]. Also, the observa-
tion that polyuria may decrease with increasing age is unexplained
so far [56−58].

Besides the most common autosomal dominant inheritance pat-
tern in hereditary central DI there is the very rare autosomal reces-
sive form, also caused by mutations in the AVP gene. Up to date four
family trees with a recessive mode of inheritance have been
described in the literature. This form of central hereditary DI has an
early onset of symptoms and children may show failure to thrive.
Polyuria can already manifest acutely in the neonatal period, putting
the child in danger of severe, even life-threatening dehydration
[59,60].

Another inheritance pattern is the X-linked transmission in
hereditary central DI. So far only one family has been described in the
literature [61]. Boys develop DDAVP-sensitive DI as infants or during
early childhood. The degree of AVP deficiency can vary [12]. The
responsible gene links to chromosome Xq28 but has not yet been
identified. No mutations in the AVP and AVPR2 gene could be found.

Besides the different inheritance patterns in hereditary central DI
there are as well syndromic forms of hereditary central DI. DDAVP-
responsive partial or severe DI [62] is part of the Wolfram syndrome
1, or DIDMOAD (Diabetes Insipidus, Diabetes Mellitus, Optic Atrophy,
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sensorineural Deafness) [63]. Wolfram syndrome 1 is a rare, and pro-
gressive neurodegenerative disorder. It is transmitted in an autoso-
mal recessive pattern, with homozygous or compound heterozygous
mutations occurring in the Wolframin (WFS1) gene that is located on
chromosome 4p16.1 [64,65]. Juvenile onset diabetes mellitus and
progressive optic atrophy are the diagnostic criteria, but the diagno-
sis may be missed, because symptoms can manifest after the age of
18 years [66]. DI presented in 29% [67] to 73% [68] of the cases. The
median age of occurrence was »15 years. Wolfram syndrome 2
(mutation in CISD2) [69] and Wolfram-like syndrome (mutation in
WFS1) [70] constitute similar conditions which do not include DI.

Another rare syndromic form of central DI that is also transmitted
in an autosomal recessive fashion was found in children with severe
obesity, malabsorptive diarrhoea and various endocrine disorders. In
this syndrome mutations in the proprotein convertase subtilisin/
kexin type 1 (PCSK1) gene were described [71,72]. This gene is
expressed mainly in the brain, adrenal gland and gastrointestinal
tract and encodes proprotein convertase 1/3 (PC1/3), a serine prote-
ase that processes prohormones synthesized in neuroendocrine and
enteroendocrine cells, e.g. proinsulin or proopiomelanocortin
(POMC), into mature peptides [73]. Symptoms of this syndrome
include hyperphagia, hypocortisolism, hypogonadotropic hypogo-
nadism, impaired glucose tolerance, growth hormone deficiency,
central hypothyroidism, and DDAVP-sensitive DI [74]. DI typically
develops before the age of 5 years [74], with an average age of occur-
rence of »18 months of age [71].

If a hereditary background is known or suspected (positive family
history or childhood onset), genetic analysis should be performed.
This can make strenuous clinical testing superfluous, particularly in
children. A negative family history does not rule out a genetic cause
of DI, as mutations may occur de novo [75,76], or a recessive form
may be present that was asymptomatic before [77]. The genetic anal-
ysis should focus primarily on the AVP -, AVPR2- and Aquaporin 2−
genes [24].

5. Diagnosis and differential diagnosis

In adults DI is characterized by excessive urination (>50 ml/kg
body weight/24 h) and polydipsia (excessive drinking; >3 l/day) [1].
In infants or children below the age of 2 years, the upper limit of nor-
mal for urine volume is slightly higher due to the greater water con-
tent of their diet [12]. As a first diagnostic step it is important to
differentiate polyuria from pollakiuria and to exclude other causes
such as uncontrolled diabetes mellitus, hypercalcaemia, or hypoka-
laemia [24]. About 15% of the patients that are referred for investiga-
tion of polyuria have normal urine volume but pollakiuria, due to
infection, prostatism or irritable bladder. The diagnostic challenge is
to confirm the presence of polyuria and then to differ between the 4
main causes that lead to excess, dilute urine (central DI, nephrogenic
DI, Primary polydipsia or gestational DI). This is crucial because treat-
ment strategies differ and application of the wrong treatment can be
dangerous, as for example desmopressin therapy can lead to danger-
ous hyponatremia in patients with Primary polydipsia who continue
to drink excessively [78]. The history and clinical presentation can be
helpful in the differential diagnosis. In a patient with onset of poly-
uria or polydipsia after surgery in the hypothalamic/ pituitary area or
after head trauma (especially with skull fracture and loss of con-
sciousness), the diagnosis of central diabetes insipidus is highly likely,
whereas a history of lithium therapy may indicate nephrogenic DI.
Patients with central DI more often have a sudden onset of symptoms
[78,79]. A careful family history can help to identify forms of inher-
ited DI or DI caused by autoimmune endocrine disease. In patients
with idiopathic DI screening for coexisting autoimmune conditions,
particularly thyroid disease, type 1 diabetes and pernicious anaemia
is indicated [80]. In central DI the age at presentation depends
markedly on the aetiology, with hereditary forms manifesting early
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in life, and acquired forms manifesting after early childhood [11].
Fatigue, menstrual disturbances or erectile dysfunction can give a
hint to hypopituitarism. If loss of temporal visual field is present in
the examination this could raise the possibility of an intracranial
tumour, most likely craniopharyngioma. The possibility of Primary
polydipsia is raised by following aspects; daytime symptoms, but
uninterrupted sleep at night, awakening at night with the need to
drink water rather than to pass water and if there is associated psy-
chiatric disease, polydipsia is particularly associated with schizophre-
nia [78]. However, it is important to bear in mind that most signs and
symptoms are not sensitive and specific enough to exclusively base
diagnosis on it [19].

5.1. Radiological findings

When the diagnosis of central DI is made, a brain MRI needs to be
performed to look for structural lesions. Sometimes an unenhanced
brain MRI can give relevant information about the differential diag-
nosis of DI via assessment of the posterior pituitary and the pituitary
stalk. An area of hyperintensity in the posterior pituitary, designated
as the pituitary “bright spot” (PBS), is normally observed in sagittal
views on T1-weighted images [81]. It may be explained by T1-short-
ening effects of stored AVP in neurosecretory granules of the poste-
rior lobe of the pituitary [82]. Earlier small scale studies
demonstrated the presence of the PBS in normal subjects and the loss
of PBS in patients with central DI [83]. But as the intensity of the PBS
attenuates with age subsequent larger studies reported an age-
related absence of a PBS in up to 52% to 100% in healthy subjects [84]
and conversely, individual cases with persistent PBS have been
described in patients with central DI [11,80]. Also in nephrogenic DI
the PBS can be absent in some patients, but present in others [85].
Furthermore in a large prospective observation on 92 patients with
PPS receiving brain MRI, the PBS was present in only 39% of patients
with Primary polydipsia, but in 70% of patients with central DI [19].
In conclusion the presence or absence of the PBS on MRI appears not
qualified as a diagnostic test in patients with DI. As aforementioned a
further structure that can be investigated with MRI is the pituitary
stalk. An enlargement beyond 2 to 3 mm is generally considered to
be pathologic [86], but not necessarily to be specific for idiopathic
central DI [19,87]. But the situation is different if thickening of the
stalk comes along with absence of the PBS. In this situation a thor-
oughly search for neoplastic or infiltrative lesions of the hypothala-
mus or pituitary gland is indicated [88]. As differential diagnosis
should be considered e.g. small craniopharyngiomas, lymphocytic
hypophysitis, Langerhans cell histiocytosis, infiltrative disorders,
autoimmune DI, metastases, and germinoma. The latter one espe-
cially in children or adolescents [78]. Lesions such as histiocytosis
and germinoma may not present on the initial scans, therefore it is
important to repeat MRI scan within six month after a normal imag-
ing [89]. In children with isolated DI imaging should be more fre-
quent because germ cell tumours are more likely [87].
5.2. Stimulation tests for differential diagnosis

Sodium measured in the morning can be a helpful component in
some patients as sodium levels may be in the upper normal range or
slightly increased in patients with DI, in contrast to rather low to nor-
mal sodium levels in Primary polydipsia. However, due to mostly
normal sodium levels and due to the overlap in clinical signs and
symptoms and imaging, stimulation tests are needed for a clear diag-
nosis. Whereas gestational DI can easily be excluded if no pregnancy
is present, reliable differentiation between the other 3 main entities
has proved difficult in the past [5], as many available tests are unsat-
isfactory [90] and often result in false diagnoses, especially in patients
with primary polydipsia or partial, mild forms of DI [1,6].
5

The so far accepted gold standard for many years for differential
diagnosis of polyuria polydipsia syndrome was the classical water
deprivation test, that is based on the concept that AVP activity is indi-
rectly assessed by measurement of the urine concentration capacity
during a prolonged period of dehydration, and again after a subse-
quent injection of an exogenous synthetic AVP variant (desmopres-
sin) [91−93]. If during the period of thirsting, urinary osmolality
remains below 300mosm/kg the diagnosis of complete DI is made. If
the increase is <50% after exogenous synthetic AVP injection, the dif-
ferential diagnosis is complete nephrogenic DI and if the respective
increase upon exogenous synthetic AVP is >50%, it is complete cen-
tral DI. In patients in whom urinary concentration increases to
between 300 and 800mosm/kg during the water deprivation test, the
underlying cause can be due to central DI or Primary polydipsia. If
there is an increase upon desmopressin of >9% partial central DI and
<9% Primary polydipsia can be diagnosed. In severe Primary polydip-
sia, dilution of the renal corticopapillary gradient makes the interpre-
tation of the water restriction test difficult. Interpretation of the test
results is based on recommendations fromMiller et al [2].

These recommendations are based on data from only 36 patients,
showing a wide overlap in urinary osmolalities. The diagnostic crite-
ria for this test are derived from only one single study with post-hoc
assessment [2] and have not been prospectively validated on a larger
scale [7]. Recent data could show that the classical water deprivation
test has diagnostic limitations, with an overall diagnostic accuracy of
70%, and an especially low accuracy of only 41% in patients with Pri-
mary polydipsia [6,19].

There are different reasons for the poor diagnostic outcome of the
classical water deprivation. First, chronic polyuria itself can affect
concentration capacity of the kidney through renal washout [94−96]
or downregulation of renal expression of AQP2 water channels [97].
The consequence is a reduced renal response to osmotic stimulation
or to exogenous desmopressin [97] in different forms of chronic poly-
uria [2]. The second reason is, that in patients with a deficiency of
AVP, urine concentration can be higher than expected [98,99], espe-
cially in patients with impaired glomerular function [90,100,101], or
as a result of a compensatory increase in AVPR2 gene expression in
chronic central DI [102]. Third, patients with acquired nephrogenic
DI often present only with a partial resistance to AVP why the clinical
picture can be similar to partial central DI.

To overcome these limitations direct measurement of AVP has
been proposed to improve the differential diagnosis of PPS. 1981
published data [103] described patients with central DI having AVP
levels below the normal area (defining the normal relationship
between plasma osmolality and AVP levels), whilst patients with
nephrogenic DI having levels above the normal area, and patients
with Primary polydipsia having concentrations within the normal
range. However, AVP measurement failed to enter clinical routine.
First, several technical limitations of the AVP assay result in a high
preanalytical instability [99,104,105]. Second, results of studies using
commercially available AVP assays showed a correct diagnoses in
only 38% of patients, and particularly poor differentiation between
partial central DI and Primary polydipsia [6,7]. Third, a precise defini-
tion of the normal physiological area defining the relationship
between plasma AVP and osmolality is still lacking, especially for
commercially available assays [103,106,107], which is necessarily
required for the identification of too high or too low AVP secretion in
patients suspected of DI [6].

Copeptin, the C-terminal segment of the arginine vasopressin pro-
hormone, has a high ex vivo stability and in contrast to AVP, copeptin
as arginine vasopressin surrogate marker can be measured in clinical
routine with commercially assays with high standard technical per-
formance [104]. The physiological stimuli for release of plasma
copeptin and plasma AVP into circulation are the same (primarily rel-
ative increase in systemic osmolality and relative decrease in arterial
blood volume and pressure) [108]. This observation, that copeptin
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reflects osmosensitive circulating AVP concentrations, makes copep-
tin a promising biomarker for the differential diagnosis of polyuria
polydipsia syndrome. Two studies have shown that a baseline copep-
tin level >21.4pmol/L without prior thirsting clearly identifies neph-
rogenic DI, making a further water deprivation test unnecessary in
these patients [6,109]. To differentiate between the diagnosis of Pri-
mary polydipsia and central DI is more difficult, especially in mild
forms. The so far largest study included 144 patients with central DI
and Primary polydipsia and directly compared the diagnostic accu-
racy of a hypertonic saline infusion plus copeptin measurement with
the classical water deprivation test [19]. In this study an osmotically
stimulated copeptin level upon 3% saline infusion (aiming at a
sodium level ≥ 150mmol/L) of >4.9pmol/L had an overall diagnostic
accuracy of 96.5% (93.2% sensitivity and 100% specificity) to differen-
tiate between patients with Primary polydipsia and patients with
central DI [19]. In comparison, the classical water deprivation test
had a lower overall diagnostic accuracy of 76.5%. If the classical water
deprivation test was complemented by copeptin measurement, the
diagnostic performance of the test was not improved, most probably
due to the lack of osmotic stimulus by thirsting alone. These data
indicate that plasma copeptin is a promising biomarker to discrimi-
nate between different forms of polyuria polydipsia syndrome and
that osmotic stimulated copeptin measurement will probably replace
the classical water deprivation test in the future. The hypertonic
saline stimulation test can be performed in the out-patient clinic but
importantly needs close monitoring of sodium levels every 30
minutes to ensure diagnostically meaningful increase of plasma
sodium within the hyperosmotic range while preventing a marked
increase [110,111]. A modified diagnostic workflow favoring copep-
tin as critical diagnostic marker in differentiation of polyuria polydip-
sia syndrome is shown in Fig. 1.

A recent study found an even easier approach to stimulate copep-
tin via arginine infusion without the need to increase plasma sodium
in the hyperosmotic range [112]. This prospective diagnostic study
showed that arginine, known to stimulate growth hormone and used
to test for growth hormone deficiency [113], is also a potent nonos-
motic stimulus of the posterior pituitary gland. Arginine-stimulated
copeptin values were evaluated in 98 patients with central diabetes
insipidus or primary polydipsia. At 60 minutes after arginine infusion
Fig. 1. Copeptin based algorithm for diagn
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a copeptin cut off of 3.8 pmol/L had an accuracy of 93% (sensitivity
93%, specificity 92%) to diagnose diabetes insipidus. The test was safe
and well tolerated. Nausea was a frequent side effect, but other
symptoms such as vertigo, headache or malaise, that were often
reported during the hypertonic saline infusion test, were insignificant
during the arginine stimulation test. Additionally, the arginine test
has a shorter duration and no need for sodium monitoring compared
to the hypertonic saline infusion test [112]. An ongoing study is now
comparing the diagnostic accuracy of hypertonic saline-stimulated
versus arginine stimulated copeptin (NCT03572166). Similar to argi-
nine, glucagon is a known stimulator for growth hormone and even
cortisol. Therefore, recently another ongoing study (NCT 04550520)
was initiated to investigate if glucagon is a potent nonosmotic stimu-
lus of the posterior pituitary as well.

6. Management of central diabetes insipidus

In general the management includes replacement of the free
water deficit with adequate fluid intake, replacement of the deficient
hormone AVP with synthetic analogue therapy, treatment of the
underlying condition and monitoring of therapy and surveillance of
the underlying causative disorder [114].

The specific therapy required is dependent from the etiology of
the central DI and the clinical situation. Management of Primary
polydipsia or nephrogenic DI includes different challenges and solu-
tions and will not be covered in this review.

6.1. Management of diabetes insipidus in the outpatient setting

In most cases of DI, osmoregulated thirst is intact [115]. Patients
with central DI will develop thirst when plasma osmolality increases
by 2-3% [1] and the following fluid intake compensates appropriate
for renal water losses and the elevation in plasma sodium concentra-
tion. Therefore prior to treatment with desmopressin, patients typi-
cally have normal sodium concentrations. Hypernatremia, which has
the function as surrogate for inadequate fluid intake, is very rare in
ambulant patients with DI in long-term follow up [116].

Drug therapy is initiated to relieve symptoms as polyuria, noctu-
ria, and associated thirst and allow the maintenance of a normal
osis of polyuria polydipsia syndrome.



Table 2
Different formulations of Desmopressin and their daily dose.

Route of Administration Daily dose

Oral tablets 0.1−1,2 mg (in 2-3 doses)
Sublingual melts 60−720 mg (in 3 doses)
Intranasal spray 10−40mg (in 1-2 doses)
Intravenous injection 1-4mg (in 1-2 doses)

The bioavailability of the parenteral form is 100 times that of the
oral form, and 10 times that of the intranasal form.
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lifestyle. AVP has a short half-life in plasma of 5-10 minutes. The
main physiological action of AVP is on V2 receptors and receptor
binding promotes the synthesis of aquaporin 2 water channels (AQP-
2) [117,118]. Their activation leads to the reabsorption of water and
concentration of urine. The drug Desmopressin (DDAVP) is a syn-
thetic AVP analogue which acts specifically on the V2 receptor and is
available in the form of tablets, intranasal spray and solution, sublin-
gual preparations and injectable forms. It has a half-life to 6-8 hours
and can therefore be used in the routine ambulant therapy [8]. The
optimal dosage and dosing interval need to be individualized for
each patient. In most cases a satisfactory schedule can be found using
modest doses of desmopressin (Table 2). The maximum dose of des-
mopressin required rarely exceeds 0.2 mg orally, 120 mg sublin-
gually, or 10 mg (one nasal spray) given two to three times daily in
patients with complete AVP deficiency, whereas in patients with par-
tial central DI a single pre-bed dose can often be sufficient to control
nocturia. These doses usually lead to plasma desmopressin levels
more than those required to cause maximum antidiuresis, but reduce
the need for more frequent treatment [119]. Whether oral or nasal
preparations are preferred depends on patients preferences. Often,
for initiation, the nasal spray is preferred because of greater consis-
tency of absorption and physiological effect. As a next step, patients
can then be switched to oral preparations and then decide which
preparation they prefer for long-term treatment. A single, small,
unblinded, longitudinal study, has found a lower rate of hyponatre-
mia when changing from intranasal to oral DDAVP, but a randomized,
controlled trial to support this data is missing [120]. With nasal
mucosa inflammation, congestion or scarring the effectiveness of
nasal DDAVP is reduced and after transsphenoidal surgery, this route
of application is impractical [119].

Hyponatremia is the major complication of desmopressin therapy,
and 27% incidences of mild hyponatremia (131-134 mmol/L) and 15%
incidences of more severe hyponatremia (≤130 mmol/L) have been
reported in a retrospective review with long-term follow-up of 147
patients with chronic central DI [116]. This complication can occur if
the patient is continually antidiuretic while continuing normal fluid
intakes. Chronic mild hyponatraemia is associated with unsteady
gait, falls, fractures, and increased mortality [121], therefore it is
important to maintain normal plasma sodium concentrations.

In patients with central DI and severe hyponatremia, treated with
desmopressin, hyponatremia can be avoided by monitoring serum
electrolyte levels frequently during initiation of therapy. Patients
who present with a low serum sodium and do not respond to recom-
mended decreases in fluid intake should be instructed to delay a
scheduled dose of desmopressin once or twice weekly until aquaresis
recurs, to allow excess retained fluid to be excreted. Other options of
regular periods of free water clearance are the delay of each tablet of
DDAVP until a slight aquaresis occurs or to omit a tablet once a week.
The last one is an effective method, but can lead to a day of significant
polyuria which can affect day-to-day activity [114].

Alcohol consumption can be another cause for dilutional
hyponatremia in DDAVP-treated patients with central DI. In healthy
individuals, alcohol suppresses AVP secretion, but the dilutional
hyponatremia is prevented by the following aquaresis, whereas in
DDAVP-treated patients the continued antidiuresis leads to fluid
retention. The combination of alcohol intoxication and acute
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hyponatraemia includes a significant risk of seizures. Avoiding alco-
hol is the best prevention. If patients don’t want to abstain, large vol-
umes of alcoholic fluids should be avoided [114].

Hypernatremia in ambulatory CDI patients is very rare and is
almost exclusively a complication of adipsic DI [116]. But hypernatre-
mic dehydration can also occur in patients with non-adipsic CDI
when they are unable to take oral fluids and can’t retain oral desmo-
pressin as in vomiting illnesses. These patients should seek for medi-
cal advice when having a gastroenteritis or vomiting is protracted. In
newly diagnosed patients with adipsic DI, inpatient management by
an endocrinologist is preferable, so adipsic DI is discussed in the fol-
lowing chapter.

6.2. Management of diabetes insipidus in the hospital setting

During hospitalization of patients with central DI having an acute
illness, fluid balance is less stable, with a significant incidence of both
hyper- and hyponatraemia [114]. Serious adverse events, including
deaths, in patients with central DI have occurred through a combina-
tion of lack of knowledge and treatment failures by health professio-
nals [122].

If hospitalized patients have diminished cognition, due to sepsis,
hypoxia, or CNS disorders, fluid intake may be decreased. If also
DDAVP intake is difficult because of vomiting, this can lead to a rapid
development of hypernatremic dehydration [116].

To diminish the risk of brain damage from prolonged exposure to
severe hyperosmolality, in adult patients plasma osmolality should
be lowered over the first 24 hours of therapy by replacing approxi-
mately 50% of the calculated free water deficit. Correction to a normal
plasma osmolality should be spread over the subsequent 24 to
72 hours to avoid cerebral edema from osmotic water shifts into the
brain during treatment [123,124]. Studies in pediatric patients
showed, that limiting correction of hypernatremia to a maximum
rate of 0.5 mmol/L/hr prevents symptomatic cerebral edema and
seizures [125,126]. The choice of appropriate fluid replacement is
critical. Patients with central DI should be treated with hypotonic flu-
ids, either enterally (using water or milk) or if this is not possible
intravenously (using 5% dextrose in water). Hypotonic fluids should
not be administered as an intravenous bolus. The infusion rate should
be adjusted to exceed the hourly urine output by an amount neces-
sary to achieve desired reduction of the calculated total body water
deficit. It should be provided just enough water to safely normalize
serum sodium at a rate of <0.5 mmol/L per h (<10−12 mmol/L per
day) or even slower [127] to prevent cerebral edema and potentially
death [124]. As D5W provides no osmotic load, urine output can
decrease significant, highlighting the importance of monitoring of
fluid balance to avoid fast changes in serum sodium. Frequent moni-
toring of the clinical state and biochemistries is key to safely normal-
ize serum sodium and requires a clinical environment with sufficient
experience in the treatment of complicated electrolyte disorders. As
soon as possible fluids should be taken orally, to enable thirst physi-
ology to properly regulate fluid intake. In most patients with DI, thirst
remains intact so that the patients drink sufficient fluid to maintain a
relatively normal fluid balance.

Hypernatremic dehydration is also associated with increased hae-
matocrit. Immobilisation, obesity and infection further increase
hypercoaguality, with risk of venous thrombosis, and pulmonary
embolism [128], particularly in adipsic DI [44]. Garrahy et al. there-
fore recommend to routinely prescribe prophylactic subcutaneous
low molecular weight heparin during episodes of hypernatremic
dehydration [114]. Additionally hypernatremic dehydration can lead
to acute kidney injury and rhabdomyolysis, which makes regular
monitoring of renal function and muscle enzymes also important
[129,130].

The route of administering Desmopressin in hospitalized patients
depends on the clinical setting. In patients who are unconscious or
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fasting peri-operatively DDAVP can be administered parenterally
(intravenously or subcutaneously). Bioavailability of the parenteral
form is 100 times that of the oral form. Typical doses are 1 − 4mcg
parenterally and 100−400mcg when given orally, with wide varia-
tions in patient dose requirement [114]. The duration of antidiuretic
effect is proportional to the administered dose [131]. If the patients
are alert and able to drink to thirst, they can be treated with oral or
nasal preparations, with the dose titrated according to symptoms
and plasma sodium concentration prior to discharge.

DDAVP induced hyponatraemia can lead to neurological symp-
toms and cerebral oedema and should be treated. However, caution
is important since if DDAVP is omitted and intravenous infusion of 3%
saline is administered, this can cause an over-correction of plasma
sodium leading to moderate or severe brain damage and even death,
due to osmotic demyelination [132].

6.2.1. DI after neurosurgery
Acute onset of central DI occurs often in the neurosurgical set-

ting, following transsphenoidal or transcranial surgery in the
suprasellar hypothalamic area [78,133], traumatic brain injury
[134], and subarachnoid haemorrhage [135]. Typically, central DI
occurs two to three days following hypothalamic or pituitary
insult. In most cases central DI is transient and often responds to a
single dose of parenteral DDAVP [135]. Reduction in urine output
should occur immediately and the antidiuretic effect generally
lasts for 6 to 12 hours. Monitoring of the therapy is important to
see if the single dose was effective and if endogenous AVP secre-
tion returned. Therefore, in the beginning urine osmolality and
urine volume should be checked and the serum sodium measured
at frequent intervals (every 4 to 6 hours) to ensure improvement
of hypernatremia. Further doses (1 − 2 mcg) are administered
only if hypotonic polyuria recurs. In addition, transient postopera-
tive DI is sometimes part of a triphasic pattern, in which initial DI
is followed by an antidiuresis and hyponatraemia (syndrome of
inappropriate antidiuresis, SIAD), with a subsequent return to per-
manent DI. It has been well described following pituitary stalk
transection. For this reason regular DDAVP is only prescribed, if
there is persistence of polyuria beyond forty-eight hours, and close
monitoring of plasma sodium concentration and urine volume is
advised [136]. In the rare cases in need for regular DDAVP, stop-
ping DDAVP therapy prior to discharge from hospital helps to
identify the patients where endogenous AVP secretion recovered.

Importantly, patients with acute central DI can additionally have
anterior pituitary deficits, and DI may not be clinically manifest,
because glucocorticoid deficiency impairs free water excretion. Poly-
uria may only become apparent when the coexisting cortisol defi-
ciency is treated [137].

Fasting for surgery or procedures in patients with known central
DI should only take place under specialist supervision, as dehydration
can quickly develop if DDAVP is withheld. Perioperatively parenteral
DDAVP should be given and isotonic fluids maintained during fasting,
while electrolyte monitoring is regularly performed.

6.2.2. Adipsic DI
Adipsic DI occurs when thirst is impaired, secondary to a lesion

affecting the osmoreceptors in the anterior hypothalamus. Patients
with hypernatremia due to osmoreceptor dysfunction should in the
acute setting be treated the same as any hyperosmolar patient. Hypo-
dipsia cannot be cured and spontaneous improvement occurs rarely,
therefore the focus of management is based on education of the
patient and family about the importance of regulating their fluid
intake according to their hydration status [138]. This can be accom-
plished most efficaciously by establishing a schedule of 1.5 to 2 liters
fluid intake regardless of the patient's thirst, which can be adjusted in
response to changes in body weight and according to temperature,
activity levels and intercurrent illness [139]. A prescription for daily
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fluid intake should be written for these patients because they will
not drink spontaneously. If the patient has polyuria, desmopressin
should also be prescribed, as in any patient with central DI. Typically,
patients with adipsic DI require at least twice daily DDAVP [114].
Regular clinical review and monitoring (weekly at first, later every
month, depending on the stability of the patient) by measuring
serum sodium should be performed. In addition, the target weight
(normal hydration status and eunatremia) may need to be recalcu-
lated periodically to allow for growth in children or changes in body
fat in adults.

7. Special considerations in children with DI

Children present, similar to adults, with polyuria and polydipsia.
In children polyuria is characterized by urine volume in excess of 2 l/
m2/24 h or »150 ml/kg/24 h at birth, 100-110 mL/kg/24 h up to
2 years of age and 40-50 mL/kg/24 h in older children. Urine volume
of more than 5-6 ml/kg/h following brain surgery and pituitary stalk
section indicates central DI [140].

Young children may also present with severe dehydration, vomit-
ing, constipation, fever, irritability, sleep disturbance, nocturia, failure
to thrive and growth retardation [9].

The age at presentation of polyuria depends markedly on the eti-
ology. Supplementary to the etiologies discussed for adults, neonatal
central DI is another underlying possible cause of DI. It is a very rare
complication of various complex hypothalamic disorders and can be
mainly found in patients with brain malformations including optic
nerve hypoplasia, septo-optic dysplasia, holoprosencephaly, absence
of the internal carotid and in idiopathic conditions. These forms
come along with a high rate of comorbidities and require careful
monitoring [141]. Another underlying cause for central DI, that is
much more common in children than in adults, are intracranial germ
cell tumours. However, they are still rare and account for approxi-
mately 2% of pediatric brain tumours in Western countries and 10%
in Far East Asian countries [142]. Germ cell tumours mainly occur
during adolescence, and approximately 90% develop before the age
of 20 [143]. Patients who did not have an intracranial tumour had a
significantly younger age than those presenting with intracranial
germ cell tumour. None of the patients with intracranial tumour
were below the age of 6. In 78-100% of suprasellar and neurohypo-
physeal germinomas partial or complete stalk thickening is detect-
able at presentation [144]. Because a germinoma may not present at
the initial MRI scan, it should be repeated every 3 to 6 months for the
first 2 years. If there is an additional mass found in the pineal gland,
it is indicative of a bifocal germ cell tumour [87,145].

In the absence of a straightforward diagnosis, a water deprivation
test and DDAVP trial are necessary [140]. While meanwhile copeptin
is routinely used in the differential diagnosis of DI in adults, it is not
established in the differential diagnosis in children. In a study com-
paring healthy children and children with growth hormone defi-
ciency, children with pituitary dysfunction and DI had a lower basal
copeptin (2.61 § 0.49 pmol/L) compared to those without DI (6.21 §
1.17 pmol/L) or to the control group (5.2 § 1.56 pmol/L) [146]. Argi-
nine stimulated copeptin levels in healthy children showed an
increase in the median copeptin concentration from baseline at
4.3 pmol/L (IQR 3.2−6.0) to 6.5 pmol/L (IQR 4.7−8.5; p<0�0001) at
60 min after arginine stimulation. The stimulatory effect on copeptin
levels was slightly lower than in adults [112]. The value of arginine
stimulation in the differential diagnosis of DI in children has yet to be
defined.

In infancy there is a high urine output caused by the consump-
tion of calories in liquid form. Even in infants without DI urine
concentration will not be greater than 150 mOsm/L. Induction of
prolonged antidiuresis with Desmopressin treatment can result in
water intoxication and hyponatremia. Therefore fluid management
alone may be appropriate in early infancy [147]. When infants are
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treated with Desmopressin, it should be started in a low dose and
increased, if necessary. It is safe to allow a short diuresis between
doses [148].
8. Outlook and open research question

DI and Primary polydipsia are rare and therefore rather neglected
diseases in terms of inclusion in the medical education and in terms
of research improving its diagnosis and treatment. The prevalence of
polyuria polydipsia syndrome is rising in the general population,
mainly due to the increasing popularity of lifestyle programmes
including the intake of several litres of water.

Although many underlying pathomechanisms leading to central
DI (either acquired or inherited) are known, idiopathic forms of AVP
deficiency represent a large pathogenic category for central DI with
54% of all cases of central DI in children classified as idiopathic [11].
There is increasing evidence that many of these patients have an
autoimmune destruction of the neurohypophysis to account for the
central DI.

If a hereditary background is known or suspected, genetic analysis
can be helpful to identify the etiology. In inherited cases of central DI,
the responsible gene causing X-linked central DI has yet to be identi-
fied [61].

The increasing use of immune checkpoint blockade in cancer
patients has led to increasing incidence of hypophysitis with mainly
secondary adrenal insufficiency, secondary hypothyroidism and sec-
ondary hypogonadism [149], but posterior pituitary involvement so
far seems rare with only few reported cases [150]. The use of immune
checkpoint inhibitors is expected to rise, therefore further observa-
tion is needed in the coming years.

For decades, the differential diagnosis of polyuria polydipsia syn-
drome was based on the indirect water deprivation test. In 2018, the
hypertonic saline infusion test with higher diagnostic accuracy
emerged and was proposed to be the new “gold standard” [19]. How-
ever, side effects of the hypertonic saline test are common and con-
stant surveillance and close monitoring of sodium levels to prevent a
marked increase of sodium levels is needed.

Even more recent data showed that non-osmotic stimulation with
arginine and following copeptin measurement might provide an
even simpler diagnostic algorithm without the need of close sodium
monitoring and the possibility to be performed in the outpatient set-
ting [112]. However, a prospective head to head comparison between
copeptin measured after hypertonic saline and after arginine is ongo-
ing (NCT03572166).

Another ongoing study analyses Glucagon used like Arginine as
standard test in the evaluation of suspected growth hormone defi-
ciency, to see if this hormone can stimulate the posterior pituitary as
well (NCT 04550520).

Treatment of central diabetes insipidus has not significantly
changed within the last years, perhaps only with a move from tradi-
tional nasal AVP analogue to oral desmopressin. It still involves cor-
rection of any pre-existing water deficits and the administration of
exogeneous desmopressin. Education of the patients with an instruc-
tion about the risk for hyponatremia is important.
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